In this study we aimed to examine the association between serum albumin concentration and mortality risk in critically ill patients.
Patients suffering from acute illnesses such as sepsis, trauma, burns or after major surgery often have rapid and dramatic falls in their serum albumin concentrations 1 . The most important causes of acute hypo-albuminaemia are haemodilution due to fluid resuscitation and capillary leakage into the interstitial space due to systemic inflammation 2,3 . Other contributing factors include haemorrhage, exudative losses, renal or gut losses, decreased synthesis and increased catabolism.
Albumin has several important properties and functions in both health and disease 4 . It binds and transports a wide range of endogenous and exogenous substances and hence it can influence the metabolism and clearance of many drugs. In healthy humans, albumin is responsible for 75 to 80% of the plasma colloid osmotic pressure, and plays a pivotal role in fluid distribution between the extracellular compartments. Albumin has antiplatelet properties 5 , and is also important in the scavenging of oxygen free radicals 6, 7 and the maintenance of vascular integrity 8 . Compared with other colloids, albumin appears to reduce capillary fluid permeability 9 and produces no deleterious effect on blood viscosity 10 . Albumin may also possess specific anti-inflammatory activity that may benefit patients with sepsis 11, 12 .
Does hypo-albuminaemia contribute to or predict mortality? In a recent review of serum albumin and mortality risk, the authors concluded that serum albumin concentration is an independent predictor of mortality in a broad range of clinical conditions 13 . However, many of the studies in the review focused on patients with long-standing hypo-albuminaemia, such as patients with end-stage renal disease, cancer patients, geriatric patients, and patients with myocardial infarction 13 .
In critically ill patients in the Intensive Care Unit, the prognostic value of serum albumin has been reported in two recent studies. One was the APACHE III prognostic system 14 , where serum albumin concentration was included in the physiological scoring to increase the explanatory power for patient outcome.
In another study, McCluskey et al 15 looked at serial albumin concentrations during the first 72 hours after ICU admission. They found that serum albumin concentrations on admission were lower in non-survivors than in survivors and decreased more rapidly in nonsurvivors, and serum albumin measured at 24 to 48 hours was as accurate as the APACHE II score 16 in predicting survival.
The present study was conducted to confirm the association between serum albumin concentration and survival, to describe the changes in albumin concentrations over time, and to evaluate the prognostic value of serum albumin in predicting hospital mortality.
METHODS
This study was conducted in a 22-bed multidisciplinary Intensive Care Unit in the Prince of Wales Hospital, a major tertiary referral hospital. Standard resuscitation fluids in the unit include crystalloids (0.9% normal saline or lactated Ringer's solution), and the synthetic colloid polygeline (Haemaccel, Hoechst Marion Roussel, Germany). It is the policy of the Intensive Care Unit not to use albumin as a resuscitation colloid, nor to routinely replace low serum albumin concentrations.
We retrospectively reviewed the records of all ICU admissions over an 18-month period from April 1997 to September 1998. Patients under 18 years of age or whose stay in the ICU was less than 24 hours were excluded. The primary outcome measure was hospital mortality. The APACHE II score and the demographic data were obtained from the ICU registry. Serum albumin was assayed using the automated bromocresol purple specific dye-binding method, and the coefficient of variation of this test is 1% at an albumin concentration of 24.5 g/l. The serum albumin concentrations were obtained from the biochemistry laboratory database.
Serial serum albumin levels were compared between survivors and non-survivors. Patients were also divided according to their admission diagnosis into medical and surgical subgroups, and their albumin levels compared. The prognostic value of serum albumin in all ICU patients was studied using ROC curves. ROC curves were constructed for each of the following parameters: APACHE II score, admission albumin, albumin at 24 hours and 48 hours. We then performed logistic regression analysis to combine APACHE II score with admission albumin, albumin at 24 hours and albumin at 48 hours and constructed the corresponding ROC curves. The overall predictive value of a test is related to the area under the ROC curve (AUC). Areas under the curves were compared using the method proposed by Delong 17 . The optimal operating point on each ROC curve was identified as the point closest to the ordinates (0,1). This point was used to estimate the sensitivity and specificity of prediction of eventual hospital outcome.
All results were analysed using SPSS version 10 (Statistical Package for the Social Sciences, Chicago, IL, U.S.A.). A P value less than 0.05 was considered statistically significant.
RESULTS
During the period from April 1997 to September 1998, there were 1562 admissions to the ICU and a total of 1003 patients were eligible for the study. Figure 1 shows the profile of serum albumin concentrations of survivors and non-survivors over 72 hours after ICU admission. Between survivors and non-survivors, there was a statistically significant difference in the serum albumin concentrations on admission and in the initial 72 hours after admission. In both groups, the serum albumin levels fell after ICU admission. This decrease in serum albumin levels was most marked in the initial 24 hours, and was similar in both survivors and non-survivors (2.6 g/l for survivors and 2.5 g/l for non-survivors, P=0.9). Medical patients had higher admission albumin levels than surgical patients, but both subgroups showed a similar albumin profile in the first 72 hours. Figure 2 shows the box-and-whisker plot of serum albumin concentrations in the first 72 hours after ICU admission. Note the wide overlap in the albumin levels between survivors and non-survivors.
The ROC curves for hospital mortality are shown in Figure 3 . The AUCs for admission albumin, albumin at 24 hours, and albumin at 48 hours were 0.63, 0.64, and 0.64 respectively. They did not differ significantly from each other, but they differed significantly from that of APACHE II (AUC 0.79, P<0.001). Combining the APACHE II score with albumin on admission (AUC 0.80), albumin at 24 hours (AUC 0.79), or albumin at 48 hours (AUC 0.76) did not significantly improve the accuracy of outcome prediction over that of APACHE II score alone. Table 2 shows the accuracy of hospital outcome prediction using the optimal operating points on the ROC curves. Note the low sensitivity and specificity of serum albumin in prediction of outcome.
DISCUSSION
Our results showed that serum albumin levels decreased after ICU admission in both survivors and non-survivors. This was most marked in the first twenty-four hours, and this initial fall in serum albumin levels was similar in the two groups. This differed from the results of McCluskey et al 15 , which showed that serum albumin levels decreased more steeply in non-survivors. Theoretically, more severely ill patients will have more capillary leakage 1 , and therefore require more fluid resuscitation and develop more profound hypo-albuminaemia. One explanation for our results is that both survivors and non-survivors had had very aggressive fluid resuscitation after ICU admission, therefore both groups had a similar marked drop in their albumin levels. The surgical patients had lower albumin concentrations on admission than medical patients despite a lower mortality. This probably reflected active fluid resuscitation in these surgical patients in the perioperative period before ICU admission. In addition, our data suggested that serum albumin concentrations poorly differentiated survivors and non-survivors. Although there was a significant difference in the mean serum albumin concentrations between survivors and non-survivors, both at and after ICU admission, the mean difference was small and there was a wide overlap of values between the two groups. The areas under the ROC curves for admission albumin, albumin at 24 and 48 hours were similar and significantly less than that of APACHE II. Our study therefore failed to replicate the results of McCluskey et al 15 , who showed that serum albumin measured at 24 to 48 hours was as accurate as the APACHE II score in predicting outcome. Our data also showed that using logistic regression analysis and adding admission albumin or albumin at 24 and 48 hours to APACHE II score did not improve the accuracy of outcome prediction over that of APACHE II score alone. Although albumin appears to be a good marker of acute physiological illness in general ICU patients, it had low sensitivity and specificity in outcome prediction. Hospital outcome depends on factors apart from acute physiological derangements, such as severity of various organ dysfunction, premorbid health status, specific diagnosis and treatment efficacy.
This and other ICU studies have demonstrated that there is an association between serum albumin concentration and hospital mortality 14, 15 . Association does not necessarily imply causation, and treating the low albumin may have little effect on outcome.
Although not the aim of our study, our data failed to suggest a target threshold value of albumin to aim for when treating hypo-albuminaemia. A recent metaanalysis on the use of albumin in critically ill patients showed that albumin use was associated with a higher relative risk of death (RR 1.68, 95% CI 1.26-2.23) 18 . However, the results should be interpreted with caution because of inclusion of dissimilar studies and poor quality studies with small patient numbers, use of mortality as outcome, and reliance on published rather than raw data. Some studies have shown that using albumin is appropriate in specific situations. In cirrhotic patients with sepsis and spontaneous bacterial peritonitis, treatment with albumin in addition to an antibiotic reduced the incidence of renal impairment and death, compared to treatment with an antibiotic alone 19 . For patients with acute lung injury and hypoproteinaemia, treatment with albumin and frusemide may increase oxygenation, improve haemodynamics, and reduce the duration of mechanical ventilation and ICU stay 20 .
In conclusion, in critically ill patients, serum albumin concentrations markedly decrease after ICU admission, both for survivors and non-survivors, and for both medical and surgical patients. There is an association between serum albumin concentration and hospital mortality, but albumin concentrations poorly differentiate survivors and non-survivors. As for prognostic value, serum albumin is a poor predictor of hospital mortality, both on and after ICU admission. The sensitivity and specificity of predicting hospital mortality is obtained by using the optimal point (the point closest to the ordinates 0,1) on the ROC curve as the cut-off. *AUC=Area under the ROC curve (SEM). †The P value refers to comparison of the AUCs using the DeLong method with the AUC of APACHE II as the reference.
